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DETAILED ACTION 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S. C. 102 that form the basis 
for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless ( b) the in\ ention was patented or described in a printed publication in 
this or a foreign country or in public use or on sale in this counln , more than one > ear prior to the date of application 
for patent in the United States. 

Claims 1 -3, 21,22,24,25 are rejected under 35 U.S.C. 102(b) as being anticipated by 
Pettigrew (US Pat No. 5,018,069). 

As for claim 1, Pettigrew shows a method of analyzing a turbine engine to determine a 
normal engine condition or a faulty engine condition (Abstract, Fig 4), said method comprising 
the steps of: acquiring at least one engine operating parameter (Column 3, lines 21 -24; Column 
3 , lines 37 -42); calculating at least one engine residual value from said at least one engine 
operating parameter(Column 3, lines 46-49); normalizing said at least one engine residual value 
to yield at least one normalized engine residual (Column 10, lines 43 - 54); mapping, via a 
clustering technique, said at least one normalized engine residual as at least one input vector into 
an engine condition space having a plurality of clusters, each of said plurality of clusters 
representing either a normal vector engine condition or a faulty vector engine condition; 
(Column 5, lines 5-21; Column 5, lines 35 - Column 63; Column 11, lines 48-51; Table 1 
where REDD value is the normalized engine residual and HI/LO/OK represents different clusters 
with respect to different engine parameter as the engine condition space; Fig 5, step 238, 
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242,240) identifying a closest cluster within said engine condition space, said closest cluster 
being closer to said at least one input vector than any other of said plurality of clusters (Table 2 
where input data are being closer as in normal condition and further specified into different 
cluster groups; Table 3 where the input data are being closer to abnormal condition and further 
specified into different cluster groups; Column 11, lines 8-32); and determining a normal engine 
condition for the engine undergoing analysis if said closest cluster represents a normal vector 
engine condition(Column 10, lines 54-65; Table 2 where input data are shown as in normal 
condition; Table 3 where the input data are shown in abnormal condition; Fig 5), and 
determining a faulty engine condition for the engine undergoing analysis if said closest cluster 
represents a faulty vector engine condition (Column 11, lines 8 - 32; Fig 5, Step 242). 

As for claim 2, Pettigrew shows the method of claim 1 wherein said engine operating 
parameter is selected from the group consisting of: core speed, exhausted gas temperature, and 
fuel flow (Column 3, lines 36 - 42). 

As for claim 3 , Pettigrew shows the method of claim 1 wherein said step of acquiring at 
least one engine operating parameter comprises the step of collecting engine operating data in the 
field(Fig 4, Step 200,202, 204; Column 4, lines 16 -21). 

As for claim 21, Pettigrew shows the method of claim 1 wherein said faulty engine 
condition is selected from the group consisting of: an exhaust temperature sensor failure, a 
combustor liner burn-through failure, and a bleed band leakage failure (Table 1; Column 6, lines 
64 - Column 7, lines 12 where failures are addressed in the table). 
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As for claim 22, Pettigrew shows a computer readable medium having 
computer-executable instructions for performing a method,(Fig 2, processor 112; Column 4, 
lines 16-54) wherein said method comprises: calculating at least one engine residual parameter 
from data generated from a engine model and from engine operating data collected in the field 
from an engine undergoing analysis parameter (Column 3, lines 21 -24; Column 3 , lines 37 -42; 
Column 3, lines 46-49 ); normalizing said at least one engine residual value to yield at least one 
normalized engine residual (Column 10, lines 43 - 54); mapping via a clustering technique said 
at least one normalized engine residual as at least one input vector into an engine condition space 
having plurality of clusters, each of said plurality of clusters representing either a normal vector 
engine condition or a faulty vector engine condition (Column 5, lines 5-21; Column 5, lines 35 - 
Column 63; Column 11, lines 48-51; Table 1 where REDD value is the normalized engine 
residual and HI/LO/OK represents different clusters with respect to different engine parameter as 
the engine condition space; Fig 5, step 238, 242,240); identifying a closest cluster within said 
engine condition space, said closest cluster being closer to said at least one input vector than any 
other of said plurality of clusters (Table 2 where input data are being closer to normal condition 
and further specified into different cluster groups; Table 3 where the input data are being closer 
abnormal condition and further specified into different cluster groups; Column 11, lines 8-32); 
and determining a normal engine condition for the engine undergoing analysis if said closest 
cluster represents a normal vector engine condition, and determining a faulty engine condition 
for the engine undergoing analysis if said closest cluster represents a faulty vector engine 
condition (Column 11, lines 8 - 32; Fig 5, Step 242). 
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As for claim 24, Pettigrew shows the computer readable medium of claim 22 wherein 
said method further comprises inputting into the computer engine operating data collected in the 
field (Fig 4, Step 200,202, 204; Column 4, lines 16-21 where the data is stored in the computer 
readable medium). 

As for claim 25, Pettigrew shows the computer readable medium of claim 22 wherein 
said method further comprises inputting into the computer standard engine characteristics 
obtained from said engine model (Fig 5 where the REDD data, which is engine residual value, is 
compared against in step 238, 242, 240, with empirical engine model data; Column 10, lines 10- 
42). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

Claim 4- 8, 15, 16, 23, 26-29, are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Pettigrew (US Pat No. 5,018,069) in view of Nomura et al (US Pat No. 5,311,421). 

As for claim 4, Pettigrew shows the method of claim 1 wherein said step of calculating said at 
least one engine residual value comprises the step of comparing said at least one engine 
operating parameter with standard engine characteristics (Fig 5 where the REDD data, which is 
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engine residual value, is compared against in step 238, 242, 240, with empirical engine model 
data; Column 10, lines 10-42). Pettigrew does not show, the data is from an empirical engine 
model. Nomura et al further shows, the engine operating parameter is obtained form empirical 
engine model (Fig 2, where multi layer neural network can be treated as empirical data model; 
Column 13, lines 25 -30). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the mathematical transfer function of Nomura et al since the polynomial 
function of engine fan speed and multi layer neural network is a mathematical model that can be 
described on various subject matter. The modification of Pettigrew in view of Nomura et al 
would have been obvious to one of ordinary skill in the art because the modification of Pettigrew 
in view of Nomura et al yields predictable result of providing mathematical representation of a 
system. 

As for claim 5 , Pettigrew shows a method to analyze turbine engine model by using 
statistical method but does not shows a method of claim 4 wherein said empirical engine model 
comprises a polynomial function of engine fan speed, which represent the transfer function of 
turbine engine system input and output. Nomura et al further shows a generic polynomial 
function in empirical model as a mathematical transfer function in representation of a system 
(Column 13, lines 25 -30). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the mathematical transfer function of Nomura et al since the polynomial 
function of engine fan speed is a mathematical model that can be described on various subject 
matter. The modification of Pettigrew in view of Nomura et al would have been obvious to one 



Application/Control Number: 1 0/802, 1 5 1 Page 7 

Art Unit: 3664 

of ordinary skill in the art because the modification of Pettigrew in view of Nomura et al yields 
predictable result of providing mathematical representation of a system. 



As for claim 6, Pettigrew shows a method to analyze turbine engine model by using 
statistical method but does not shows a method of claim 4 wherein said empirical engine model 
comprises a neural network. Nomura et al shows a generic neural net work in empirical model 
as a mathematical transfer function in representation of a system (Fig 2; Fig 3; Fig 18, Neural 
Network 45; Column 4, lines 38- Column 5, lines 6). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the neural network of Nomura et al since the neural network is a 
mathematical representation that can be described on various subject matter. The modification 
of Pettigrew in view of Nomura et al would have been obvious to one of ordinary skill in the art 
because the modification of Pettigrew in view of Nomura et al yields predictable result of 
providing mathematical representation of a system. 

As for claim 7 , Pettigrew et al shows the method of claim 1 wherein said step of 
calculating said at least one engine residual value comprises the step of comparing said at least 
one engine operating parameter with standard engine characteristics (Fig 5, Step 238,242,240; 
Column 11, lines 24-31, TEAC data 240; Test cell data 238; Inflight data 242). Pettigrew does 
not show the operating parameter with standard engine characteristic obtained from a first 
principle engine model. Nomura et al further showsthe operating parameter with standard engine 
characteristic obtained from a first principle engine model. (Column 3, lines 6 - 26) 
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It would have been obvious for one of ordinary skill in the art to modify the system of 
Pettigrew by adding the first principle engine model of Nomura et al since the first principle 
engine model are a differential equation modeling for describing a dynamic system with respect 
to each characteristic and variable to be test and sensed under computer simulation environment. 

As for claim 8, Pettigrew shows a method to analyze turbine engine model by using 
statistical method but does not shows a method of claim 7 wherein said first principle engine 
model comprises a differential equation representing dynamics of the turbine engine. Nomura et 
al further shows a differential equation representing dynamics of the turbine engine (Column 3, 
lines 5 - 27). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the differential equation of Nomura et al since the differential equation 
is a mathematical representation that can be described on various subject matter. The 
modification of Pettigrew in view of Nomura et al would have been obvious to one of ordinary 
skill in the art because the modification of Pettigrew in view of Nomura et al yields predictable 
result of providing mathematical representation of a system. 

As for claim 15 , Nomura et al further shows the method of claim 1 wherein said 
clustering technique mapping comprises a self-organizing map( Fig 2, Fig 3, where multi layer 
network is built based on single layer network, which is the form of self -organizing map, a sub 
type of neural network; Column 10, lines 1 - 60). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the single layer network, self-organizing map, of Nomura et al since the 
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self-organizing map is a mathematical representation that can be described on various subject 
matter. The modification of Pettigrew in view of Nomura et al would have been obvious to one 
of ordinary skill in the art because the modification of Pettigrew in view of Nomura et al yields 
predictable result of providing mathematical representation of a system. 

As for claim 16, Nomura et al further showsthe method of claim 15 further comprising 
the step of training said self-organizing map for a plurality of epochs using data from a plurality 
of turbine engines( Fig 2, Fig 3, where multi layer network, which processes input signal at 
different time periods at various layer is built based on single layer networks, which is the form 
of self -organizing map, a sub type of neural network; Column 10, lines 1 - 60; Column 21, lines 
45 - Column 22, lines 61). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model by adding the multi layer network of Nomura et al since the multi layer network, 
which is the combination of single layer network that accepts and processes input signal at 
various time periods, is a mathematical representation that can be described on various subject 
matter. The modification of Pettigrew in view of Nomura et al would have been obvious to one 
of ordinary skill in the art because the modification of Pettigrew in view of Nomura et al yields 
predictable result of providing mathematical representation of a system. 

Claim 9-14, 17-20, 23,26-29,31-34 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Pettigrew (US Pat No. 5,018,069) in view of Goebel et al (US Pat No. 
6,408,259). 
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As for claim 9, Goebel et al further showsthe method of claim 1 wherein said step of 
normalizing comprises the step of normalizing a mean of said at least one engine residual value 
to zero (Fig 3, where the data error, which is residual value, is minimized; Column 7, lines 28 - 
Column 8, lines 15 where the normalization technique is discussed using Normalize 32). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
diagnostic system of Pettigrew by adapting the normalize technique of Goebel et al in order to 
continuously monitor and simultaneously modify the turbine system input and output to achieve 
real time data correction since the normalization factor technique on the standard deviation and 
mean is a mathematical form expression and can be applied on various subject matter. 

As for claim 10, Goebel et al further showsthe method of claim 1 wherein said step of 
normalizing comprises the step of normalizing a standard derivation of said at least one engine 
residual value to unity (Fig 3, where the data error, which is residual value, is minimized and 
therefore create standard deviation equal to one since the variance is not existed; Column 7, lines 
28 - Column 8, lines 15 where the normalization technique is discussed using Normalize 32). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
diagnostic system of Pettigrew by adapting the normalize technique of Goebel et al in order to 
continuously monitor and simultaneously modify the turbine system input and output to achieve 
real time data correction since the normalization factor technique on the standard deviation and 
mean is a mathematical form expression and can be applied on various subject matter. 

As for claim 1 1 , Goebel et al further showsthe method of claim 1 wherein said step of 
normalizing comprises the step of obtaining a normalization factor from a parameter distribution 



Application/Control Number: 1 0/802, 1 5 1 Page 1 1 

Art Unit: 3664 

of a normally-operating baseline engine (Fig 2, where the data input is obtained from a flight 
engine; Column 5 lines 35 - Column 6, lines 75 where the normalization factor is discussed to 
apply on the standard deviation and mean is discussed in mathematical form). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard deviation 
of test data is commonly known in the art. Furthermore, it was not demonstrated that the usage 
of the particular equation yield unexpected results in the application. 

As for claim 12, Goebel et al further showsthe method of claim 1 1 further comprising the 
step of deriving an updated normalization factor if said closest cluster represents a normal vector 
engine condition (Fig 3, where the classifier 33 receive normalized data input and classify data 
into various cluster where the data classified into normal cluster will be updated and used; 
Column 7, lines 61 - Column 8, lines 47). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard deviation 
of test data is commonly known in the art. Furthermore, it was not demonstrated that the usage 
of the particular equation yield unexpected results in the application. 

As for claim 13 , Goebel et al further shows the method of claim 12 wherein said step of 
deriving an updated normalization factor comprises the steps of multiplying the square of a 
current mean normalization factor by a first fraction to obtain a first product; obtaining a current 
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engine parameter from the turbine engine; multiplying said current engine parameter by a second 
fraction to obtain a second product; and adding said first and second products to yield an updated 
mean normalization factor(Column 5 lines 35 - Column 7, lines 10; Column 8, lines 15-45 
where the normalization factor is discussed to apply on the standard deviation and mean is 
discussed in mathematical form on various subject matter). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard deviation 
of test data is commonly known in the art. Furthermore, it was not demonstrated that the usage 
of the particular equation yield unexpected results in the application. 

As for claim 14 , Goebel et al further shows the method of claim 12 wherein said step of 
deriving an updated normalization factor comprises the steps of multiplying the square of a 
current standard deviation normalization factor by a first fraction to obtain a first product; 
subtracting an updated mean normalization factor from said current engine parameter to obtain a 
first difference; multiplying the square of said first difference by a second fraction to obtain a 
second product; subtracting a current mean normalization factor from said current engine 
parameter to obtain a second difference; multiplying the square of said second difference by a 
third fraction to obtain a third product; and, taking the square root of said first, second, and third 
products to yield an updated standard deviation normalization factor. (Column 5 lines 35 - 
Column 7, lines 10; Column 8, lines 15-45 where the normalization factor is discussed to apply 
on the standard deviation and mean is discussed in mathematical form on various subject matter). 
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It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard deviation 
of test data is commonly known in the art. Furthermore, it was not demonstrated that the usage 
of the particular equation yield unexpected results in the application. 

As for claim 17, Goebel et al further shows the method of claim 1 wherein said clustering 
technique mapping comprises a method from the group consisting of fuzzy clustering, adaptive 
resonance theory, K-means algorithm, and Gaussian mixture method ( Column 8, lines 5 - 
Column 9, lines 25, where fuzzy KNN algorithm is fuzzy clustering utilizing k-means algorithm, 
which is an algorithm to cluster data based on attributes into k partitions; where persistency 
checker 38 determines the vigilance level, which is the matching criterion for adaptive resonance 
theory; where gaussian mixture method is a mean to partition data sample, into various clusters 
utilizing data density on the data sample; Column 6, lines 39-66 where the center point is the 
density center point). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive the predictable results of data clustering and 
mapping since statistical mathematical algorithm and method to mining data by utilizing fuzzy 
clustering, adaptive resonance theory, k-means algorithm and Gaussian mixture method is 
commonly known in the art. Furthermore, it was not demonstrated that the usage of the 
particular algorithm and method yield unexpected results in the application. 
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As for claim 18, Goebel et al further shows the method of claim 1 further comprising the 
step of deriving a belief factor, said belief factor being a function of said normal vector engine 
condition or said faulty vector engine condition (Column 9, lines 14-25; Column 5, lines 4-20 
where the belief factor, which is vigilance level, is determined by the composite alert score 
generator 40 in alert evaluator 29 with respect to each variable). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval is commonly known in the art. Furthermore, it was not demonstrated that the 
usage of the particular algorithm and method yield unexpected results in the application. 

As for claim 19, Goebel et al further shows the method of claim 18 wherein, when said 
faulty engine condition is determined for the turbine engine, said belief factor comprises a value 
derived by subtracting from unity a ratio obtained by dividing a closest distance between said at 
least one input vector and said closest cluster by a next-closest distance between said at least one 
input vector and a next closest cluster(Column 9, lines 14-25; Column 5, lines 4-20 where the 
belief factor, which is vigilance level, is determined by the composite alert score generator 40 in 
alert evaluator 29 with respect to each input variable along with nearby cluster). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval by subtracting unity, which is one, to variance is well known in the art. 
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Furthermore, it was not demonstrated that the usage of the particular algorithm and method yield 
unexpected results in the application. 

As for claim 20, Goebel et al further shows the method of claim 18 wherein, when said 
normal engine condition is determined for the turbine engine, said belief factor comprises a value 
derived by subtracting from unity a maximum ratio of the set of ratios obtained by dividing a 
distance between said at least one input vector and said closest cluster by each of a set of 
respective fault distances between said at least one input vector and all clusters representing a 
faulty vector engine condition(Column 9, lines 14-25; Column 5, lines 4-20 where the belief 
factor, which is vigilance level, is determined by the composite alert score generator 40 in alert 
evaluator 29 with respect to each input variable along with nearby cluster). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval by subtracting unity, which is one, to maximum variance is well known in 
the art. Furthermore, it was not demonstrated that the usage of the particular algorithm and 
method yield unexpected results in the application. 

As for claim 23, Goebel et al further shows the computer readable medium of claim 22 
wherein said clustering technique mapping comprises a method from the group consisting of 
self-organizing mapping, fuzzy clustering, adaptive resonance theory, K-means algorithm, and 
Gaussian mixture method ( Column 8, lines 5 - Column 9, lines 25, where fuzzy KNN algorithm 
is fuzzy clustering utilizing k-means algorithm, which is an algorithm to cluster data based on 
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attributes into k partitions; where persistency checker 38 determines the vigilance level, which is 
the matching criterion for adaptive resonance theory; where gaussian mixture method is a mean 
to partition data sample, into various clusters utilizing data density on the data sample; Column 
6, lines 39-66 where the center point is the density center point). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive the predictable results of data clustering and 
mapping since statistical mathematical algorithm and method to mining data by utilizing fuzzy 
clustering, adaptive resonance theory, k-means algorithm and Gaussian mixture method is 
commonly known in the art. Furthermore, it was not demonstrated that the usage of the 
particular algorithm and method yield unexpected results in the application. 



As for claim 26, Goebel et al further shows the computer readable medium of claim 22 
wherein said method further comprises inputting into the computer normalization factors 
obtained from a normally-operating baseline engine (Fig 2, where the data input is obtained from 
a flight engine; Column 5 lines 35 - Column 6, lines 75 where the normalization factor is 
discussed to apply on the standard deviation and mean is discussed in mathematical form). 
It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard 
deviation of test data is commonly known in the art. Furthermore, it was not demonstrated 
that the usage of the particular equation yield unexpected results in the application. 
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As for claim 27, Goebel et al further shows the computer readable medium of claim 22 
wherein said method further comprises calculating a closest distance between said at least one 
input vector and said closest cluster (Column 9, lines 14- 25; Column 5, lines 4-20 where the 
belief factor, which is vigilance level, is determined by the composite alert score generator 40 in 
alert evaluator 29 with respect to each input variable along with nearby cluster). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval by subtracting unity, which is one, to variance is well known in the art. 
Furthermore, it was not demonstrated that the usage of the particular algorithm and method yield 
unexpected results in the application. 

As for claim 28, Goebel et al further shows the computer readable medium of claim 27 
wherein said method further comprises calculating a belief factor, in response to a determination 
of said faulty engine condition, by dividing said closest distance by a next-closest distance 
between said at least one input vectors and a next closest cluster and subtracting the result from 
unity (Column 9, lines 14-25; Column 5, lines 4-20 where the belief factor, which is vigilance 
level, is determined by the composite alert score generator 40 in alert evaluator 29 with respect 
to each variable). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
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confidence interval is commonly known in the art. Furthermore, it was not demonstrated that the 
usage of the particular algorithm and method yield unexpected results in the application. 

As for claim 29, Goebel et al further shows the computer readable medium of claim 27 
wherein said method further comprises calculating a belief factor, in response to a determination 
that the engine condition is normal, by subtracting from unity a maximum ratio from the set of 
ratios obtained by dividing said closest distance by each of a set of respective fault distances 
between said input vectors and the set of all clusters representing a faulty condition (Column 9, 
lines 14-25; Column 5, lines 4-20 where the belief factor, which is vigilance level, is determined 
by the composite alert score generator 40 in alert evaluator 29 with respect to each variable). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval statistical 
mathematical algorithm and method to calculating data to form a belief factor or confidence 
interval is commonly known in the art. Furthermore, it was not demonstrated that the usage of 
the particular algorithm and method yield unexpected results in the application. 

As for claim 3 1 , Goebel et al further shows a method of analyzing a turbine engine to 
determine a normal engine condition or a faulty engine condition, said method comprising the 
steps of: acquiring a plurality of engine operating parameters from the turbine engine under 
analysis( Fig 3, where inflight data is directly obtained from turbine engine toward database; 
Column 3, lines 21 -24; Column 3 , lines 37 -42); calculating a corresponding plurality of engine 
residual values by comparing each of said engine operating parameters with standard engine 
characteristics obtained from an engine model ( Fig 4, where divEGT is the residual value and 
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dEGT contains standard engine characteristic obtained from engine model ; Column 5, lines 39 - 
65); computing the mean and the standard deviation of each of said plurality of engine residual 
values(Column 5, lines 35 - Column 6, lines 38); normalizing each of said plurality of engine 
residual values by normalizing said mean to zero and by normalizing said standard deviation to 
unity to yield a plurality of normalized engine residuals, said step of normalizing using 
normalization factors obtained from a parameter distribution of a normally-operating baseline 
engine (Fig 3, where the data error, which is residual value, is minimized; Column 7, lines 28 - 
Column 8, lines 15 where the normalization technique is discussed using Normalizer 32; Fig 3, 
where the data error, which is residual value, is minimized and therefore create standard 
deviation equal to one since the variance is not existed; Column 7, lines 28 - Column 8, lines 15 
where the normalization technique is discussed using Normalizer 32); mapping, via a clustering 
technique, said normalized engine residuals as input vectors into an engine condition space 
having a plurality of clusters, each said cluster representing either a normal vector engine 
condition or a faulty engine vector condition ( Column 4, lines 42 -66 where data is classified); 
identifying a closest cluster within said engine condition space, said closest cluster being closer 
to said input vectors than any other of said plurality of clusters (Column 7, lines 61 - Column 8, 
lines 47); and determining a normal engine condition for the engine under analysis if said closest 
cluster represents a normal vector engine condition, and determining a faulty engine condition 
for the engine under analysis if said closest cluster represents a faulty vector engine 
condition(Column 7, lines 61 - Column 8, lines 47). 

It would have been obvious for one of ordinary skill in the art to have used the 
claimed mathematical algorithm and method to derive the predictable results of data clustering 
and mapping since statistical mathematical algorithm and method to obtain mean and standard 
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deviation and to mining data by utilizing fuzzy clustering, adaptive resonance theory, k-means 
algorithm and Gaussian mixture method is commonly known in the art. Furthermore, it was not 
demonstrated that the usage of the particular algorithm and method yield unexpected results in 
the application. 

As for claim 32, Pettigrew shows the method of claim 3 1 wherein said plurality of engine 
operating parameters comprises a core speed measurement, an exhausted gas temperature 
measurement, and a fuel flow measurement (Column 3, lines 36 - 42). 

As for claim 33, Goebel et al further shows the method of claim 3 1 wherein said 
clustering technique mapping comprises a method from the group consisting of self-organizing 
mapping, fuzzy clustering, adaptive resonance theory, K-means algorithm, and Gaussian mixture 
method ( Column 8, lines 5 - Column 9, lines 25, where fuzzy KNN algorithm is fuzzy clustering 
utilizing k-means algorithm, which is an algorithm to cluster data based on attributes into k 
partitions; where persistency checker 38 determines the vigilance level, which is the matching 
criterion for adaptive resonance theory; where gaussian mixture method is a mean to partition 
data sample, into various clusters utilizing data density on the data sample; Column 6, lines 39- 
66 where the center point is the density center point). 

It would have been obvious for one of ordinary skill in the art to have used the 
claimed mathematical algorithm and method to derive the predictable results of data clustering 
and mapping since statistical mathematical algorithm and method to mining data by utilizing 
fuzzy clustering, adaptive resonance theory, k-means algorithm and Gaussian mixture method is 



Application/Control Number: 1 0/802, 1 5 1 Page 2 1 

Art Unit: 3664 

commonly known in the art. Furthermore, it was not demonstrated that the usage of the 
particular algorithm and method yield unexpected results in the application. 

As for claim 34, Goebel et al further shows the method of claim 3 1 further comprising 
the step of deriving a belief factor wherein, if turbine engine condition is determined to be faulty, 
said belief factor comprises a value derived by subtracting from unity a ratio obtained by 
dividing a distance between said input vectors and said closest cluster by a distance between said 
input vectors and a next closest cluster, and wherein, if said engine is determined to be normal, 
said belief factor comprises a value derived by subtracting from unity a maximum ratio of the set 
of ratios obtained by dividing a distance between said input vectors and said closest cluster by 
each of the set of fault distances between said input vectors and all clusters representing a faulty 
condition. (Column 9, lines 14- 25; Column 5, lines 4-20 where the belief factor, which is 
vigilance level, is determined by the composite alert score generator 40 in alert evaluator 29 with 
respect to each input variable along with nearby cluster). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval by subtracting unity, which is one, to variance is well known in the art. 
Furthermore, it was not demonstrated that the usage of the particular algorithm and method yield 
unexpected results in the application. 
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Claim 30, 35 -40 are rejected under 35 U.S.C. 103(a) as being unpatentable over Pettigrew 
(US Pat No. 5,018,069) in view of Nomura et al (US Pat No. 5,311,421) as applied to claims 
5- 8,15,16,30 above, and further in view of Goebel et al (US Pat No. 6,408,259). 

As for claim 30, Nomura et al further shows the computer readable medium of claim 27 
wherein said method further comprises inputting data from a plurality of turbine engines into 
said self-organizing map to train said self-organizing map (Fig 2, Fig 3, where multi layer 
network is built based on single layer network, which is the form of self -organizing map, a sub 
type of neural network possess short term memory to be trained or affected by the future input 
signal; Column 10, lines 1 - 60). 

It would have been obvious for one of ordinary skill in the art to modify the turbine 
engine model of Pettigrew by adding the single layer network, self-organizing map, of Nomura 
et al since the self-organizing map is a mathematical representation that can be described on 
various subject matter. The modification of Pettigrew in view of Nomura et al would have been 
obvious to one of ordinary skill in the art because the modification of Pettigrew in view of 
Nomura et al yields predictable result of providing mathematical representation of a system. 
Furthermore, it was not demonstrated that the usage of the particular algorithm and method yield 
unexpected results in the application. 

As for claim 35, Pettigrew shows a method of analyzing a turbine engine to determine a 
normal engine condition or a faulty engine condition, said method comprising the steps of: 
acquiring a core speed reading, an exhaust gas temperature reading, and a fuel flow reading for 
the turbine engine under analysis flow (Column 3, lines 36 - 42); calculating a core speed 
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residual value, an exhaust gas temperature residual value, and a fuel flow residual value by 
comparing said core speed reading, said exhaust gas temperature reading, and said fuel flow 
reading (Fig 5 where the REDD data, which is engine residual value, is compared against in step 
238, 242, 240, with empirical engine model data; Column 10, lines 10-42); mapping said 
normalized core speed residual, said normalized exhaust gas temperature residual, and said 
normalized fuel flow residual as respective input vectors into an engine condition space having a 
plurality of clusters, each said cluster representing either a normal vector engine condition or a 
faulty vector engine condition (Column 5, lines 5 - 21 ; Column 5, lines 35 - Column 63; Column 
11, lines 48 - 5 1; Table 1 where REDD value is the normalized engine residual and HI/LO/OK 
represents different clusters with respect to different engine parameter as the engine condition 
space; Fig 5, step 238, 242,240) 

Pettigrew does not show inputting data into a self-organizing map from a plurality of 
reference turbine engines to train said self-organizing map; the comparison data from standard 
engine characteristics obtained from an engine model; computing the mean and the standard 
deviation of each of said core speed residual value, said exhaust gas temperature residual value, 
and said fuel flow residual value; normalizing each of said core speed residual value, said 
exhaust gas temperature residual value, and said fuel flow residual value by normalizing said 
respective means to zero and by normalizing said standard deviation to unity to yield a 
normalized core speed residual, a normalized exhaust gas temperature residual, and a normalized 
fuel flow residual, said step of normalizing using normalization factors obtained from a 
parameter distribution of a normally-operating baseline engine; and identifying a closest cluster 
within said engine condition space, said closest cluster being closer to said input vectors than any 
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other of said plurality of clusters; and, determining a normal engine condition for the engine 
under analysis if said closest cluster represents a normal vector engine condition, and 
determining a faulty engine condition for the engine under analysis if said closest cluster 
represents a faulty vector engine condition. 

Nomura et al further shows, inputting data into a self-organizing map from a plurality of 
reference turbine engines to train said self-organizing map ( Fig 2, Fig 3, where multi layer 
network is built based on single layer network, which is the form of self -organizing map, a sub 
type of neural network possess short term memory to be trained or affected by the future input 
signal; Column 10, lines 1 - 60); the comparison data obtained from standard engine 
characteristics obtained from an engine model (Fig 2, where multi layer neural network can be 
treated as empirical data model; Column 13, lines 25 - 30). 

Goebel et al further shows, computing the mean and the standard deviation of each of 
said core speed residual value, said exhaust gas temperature residual value, and said fuel flow 
residual value; normalizing each of said core speed residual value, said exhaust gas temperature 
residual value, and said fuel flow residual value by normalizing said respective means to zero 
and by normalizing said standard deviation to unity to yield a normalized core speed residual, a 
normalized exhaust gas temperature residual, and a normalized fuel flow residual, said step of 
normalizing using normalization factors obtained from a parameter distribution of a 
normally-operating baseline engine (Column 5 lines 35 - Column 7, lines 10; Column 8, lines 15 
- 45 where the normalization factor is discussed to apply on the standard deviation and mean is 
discussed in mathematical form on various subject matter and residual values); and identifying a 
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closest cluster within said engine condition space, said closest cluster being closer to said input 
vectors than any other of said plurality of clusters (Column 7, lines 61 - Column 8, lines 47); 
and, determining a normal engine condition for the engine under analysis if said closest cluster 
represents a normal vector engine condition, and determining a faulty engine condition for the 
engine under analysis if said closest cluster represents a faulty vector engine condition (Column 
7, lines 61 - Column 8, lines 47). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive the predictable results of data clustering and 
mapping since statistical mathematical algorithm and method to obtain mean and standard 
deviation and to mining data by utilizing fuzzy clustering, adaptive resonance theory, k-means 
algorithm and Gaussian mixture method is commonly known in the art. Furthermore, it was not 
demonstrated that the usage of the particular algorithm and method yield unexpected results in 
the application. 

As for claim 36, Pettigrew shows the method of claim 35 further comprising the step of 
calculating a closest distance between said at least input vectors and said closest cluster (Table 2 
where input data are being closer to normal condition and further specified into different cluster 
groups; Table 3 where the input data are being closer abnormal condition and further specified 
into different cluster groups; Column 11, lines 8-32). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive the predictable results of data clustering and 
mapping since statistical mathematical algorithm and method to obtain mean and standard 
deviation and to mining data by utilizing fuzzy clustering, adaptive resonance theory, k-means 
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algorithm and Gaussian mixture method is commonly known in the art. Furthermore, it was not 
demonstrated that the usage of the particular algorithm and method yield unexpected results in 
the application. 

As for claim 37, Goebel et al further shows the method of claim 36 further comprising 
the step of calculating a belief factor for said faulty engine condition by dividing said closest 
distance by a next-closest distance between said input vectors and a next closest cluster and 
subtracting the result from unity. (Column 9, lines 14-25; Column 5, lines 4-20 where the belief 
factor, which is vigilance level, is determined by the composite alert score generator 40 in alert 
evaluator 29 with respect to each variable). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval is commonly known in the art. Furthermore, it was not demonstrated that the 
usage of the particular algorithm and method yield unexpected results in the application. 

As for claim 38, Goebel et al further shows the method of claim 36 further comprising 
the step of calculating a belief factor for said normal engine condition by subtracting from unity 
a maximum ratio from the set of ratios obtained by dividing said closest distance by a fault 
distance between said input vectors and the set of all clusters representing a faulty 
condition(Column 9, lines 14- 25; Column 5, lines 4-20 where the belief factor, which is 
vigilance level, is determined by the composite alert score generator 40 in alert evaluator 29 with 
respect to each variable). 
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It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical algorithm and method to derive a belief factor or confidence interval since 
statistical mathematical algorithm and method to calculating data to form a belief factor or 
confidence interval is commonly known in the art. Furthermore, it was not demonstrated that the 
usage of the particular algorithm and method yield unexpected results in the application. 

As for claim 39, Goebel et al further shows the method of claim 36 further comprising 
the step of deriving an updated normalization factor if said closest cluster represents a normal 
vector engine condition, said step of deriving an updated normalization factor including the steps 
of multiplying the square of a mean normalization factor by a first fraction to obtain a first 
product, obtaining a current engine parameter from the turbine engine, multiplying said current 
engine parameter by a second fraction to obtain a second product, and adding said first and 
second products to yield an updated mean normalization factor (Column 5 lines 35 - Column 7, 
lines 10; Column 8, lines 15-45 where the normalization factor is discussed to apply on the 
standard deviation and mean is discussed in mathematical form on various subject matter). 
It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard 
deviation of test data is commonly known in the art. Furthermore, it was not demonstrated 
that the usage of the particular equation yield unexpected results in the application. 

As for claim 40, Goebel et al further shows the method of claim 39 wherein said step of 
deriving an updated normalization factor further comprises the steps of multiplying the square of 
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a current standard deviation normalization factor by a third fraction to obtain a third product; 
subtracting said updated mean normalization factor from said current engine parameter to obtain 
a first difference; multiplying the square of said first difference by a fourth fraction to obtain a 
fourth product; subtracting said mean normalization factor from said current engine parameter to 
obtain a second difference; multiplying the square of said second difference by said second 
fraction to obtain a fifth product; and, taking the square root of the sum of said third, fourth, and 
fifth products to yield an updated standard deviation normalization factor .(Column 5 lines 35 - 
Column 7, lines 10; Column 8, lines 15-45 where the normalization factor is discussed to apply 
on the standard deviation and mean is discussed in mathematical form on various subject matter). 

It would have been obvious for one of ordinary skill in the art to have used the claimed 
mathematical equation to derive the predictable results of normalizing at least one engine 
residual value since statistical mathematical equation to normalize mean and standard deviation 
of test data is commonly known in the art. Furthermore, it was not demonstrated that the usage 
of the particular equation yield unexpected results in the application. 

Response to Arguments 

1. Applicant's arguments filed 1 1/20/2007 have been fully considered but they are not 
persuasive. 

Applicant argues Pettigrew does not disclose at least the steps of calculating an engine 
residual value from an engine operating parameter and normalizing the engine residual value to 
yield a normalized engine residual; The step of mapping, via a clustering technique, such a 
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normalized engine value as at least one input vector into an engine condition space having a 
plurality of clusters. 

Pettigrew does show at least the steps of calculating an engine residual value from an 
engine operating parameter and normalizing the engine residual value to yield a normalized 
engine residual. Applicant's attention is directed to Col 3, lines - Col 4, lines 15; Col 5, lines 5 - 
20; Table 1; Table 2; Table 3; where REDD (Referred Engine Diagnostic Deviations) value is 
the engine residual value; where engine parameters are, fuel flow (FF); fuel pressure (FP); 
exhaust gas temperature (EGT); compressor discharge temperature (CDT) as shown on Col 3, 
lines 35 -55; are calculated into REDD value. Applicant's attention is directed to Fig 4, Step 
206, Step 208, and Step 210 as normalizing engine residual value to yield a normalized engine 
residual. 

Pettigrew further shows the step of mapping, via clustering technique, such a normalized 
engine value as at least one input vector into an engine condition space having a plurality 
clusters, where REDD value is normalized engine residual and HI/LO/OK represents different 
cluster with respect to different engine parameter as the engine condition space, which is the 
plurality of clusters along with the data plotting in the standard range along with deviation. 
Applicant's attention is directed to Fig 5, Step 238, 242, 240, the operational method of REDD 
value; Col 11, liens 40-55, where the residual value is separated/mapped into different 
condition space. 

Conclusion 

2. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1.136(a). 
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A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the mailing 
date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to IAN JEN whose telephone number is (571)270-3274. The 
examiner can normally be reached on Monday - Friday 9:00-6:00 (EST). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Khoi Tran can be reached on 571-272-6919. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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